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(57) Abstract 



A stent for supporting part of a blood vessel which stent 
includes a supporting portion around which or within which part 
of a blood vessel intended for grafting can be placed so that the 
stent internally or externally supports that part and the supporting 
portion of the stent is of a shape and/or orientation whereby flow 
between graft and host vessel is caused to follow a non-planar 
curve. By maintaining non-planar curvature in the graft itself, 
favourable blood flow velocity patterns can be achieved through 
generation therein of * swirl' flow. Failures in such grafts through 
blockage, kinking or collapse, can be significantly reduced. 




FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


Fl 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


MJ 


loixembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


DA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Paso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


DG 


Bulgaria 


1IU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


LIS 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


a 


Cdtc d'lYoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






cu 


Cuba 


KZ 


Kaxakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


U 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 98/53764 



PCT/GB98/01529 



STENTS FOR BLOOD VESSELS 

This invention is concerned with stents for 
supporting parts of blood vessels. More particularly it is 
concerned with stents such as supporting devices for 
arterial or venous grafts. 

Stents are known devices used in surgery especially 
in vascular surgery for providing physical support to a 
blood vessel i.e. they can be used to help prevent kinking 
and/or collapse of blood vessels such as veins or arteries. 

It has been proposed that vascular prostheses may 
incorporate non-planar curvature to improve blood flow 
velocity patterns by skewing the motion to induce 'swirl 1 
flow to the blood circulating through the prosthesis. 

We have now devised an apparatus and technique for 
establishing and/or maintaining non-planar curvature within 
arterial and/or venous grafts e.g. in blood vessel bypass 
surgery wherein the graft is a donor part from another blood 
vessel from the patient, which part is to be surgically 
connected to create a bypass in a blocked, constricted or 
otherwise blood flow-restricted vessel. 

By maintaining non-planar curvature in the graft 
itself, favourable blood flow velocity patterns can be 
achieved through generation therein of 'swirl 1 flow. 
Failures in such grafts through blockage, kinking or 
collapse, can be significantly reduced. 

According to this invention there is provided a 
stent for supporting part of a blood vessel which stent 
includes a supporting portion around which or within which 
part of a blood vessel intended for grafting can be placed 
so that the stent internally or externally supports that 
part and the supporting portion of the stent is of a shape 
and/or orientation whereby flow between graft and host 
vessel is caused to follow a non-planar curve. 

The supporting portion of the stent may be 
fabricated to incorporate: 

(i) a non-planar curved form and/or 
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(ii) a geometric arrangement of the junction between 
graft and host vessel e.g. artery whereby the tangent vector 
from the centreline of the graft does not intersect the 
centreline of the host vessel by consequence of an 
asymmetric disposition of the graft with respect to that 
host vessel at the junction with the graft. 

The stent may be of generally hollow tubular shape 
with three dimensional curvature. The stent is particularly 
preferred for use in supporting such blood vessel parts as 
arterial and venous grafts, such as the living donor vessels 
used in bypass surgery. 

The stent may take the form of an open lattice 
generally tubular framework with discrete openings at each 
end thereof. 

A blood vessel part such as an arterial graft may be 
passed through the interior section of e.g. a partially 
coiled tubular stent, which stent then provides support for 
that part of the graft which passes through its interior, 
and which thereby imparts to that graft a geometry which 
includes non-planar curvature i.e. the vessel part supported 
by the stent can assume and maintain curvature which is non- 
linear. Part of the supported vessel in such embodiments 
thereby acquires a geometry which can be regarded as a part- 
helical curve even if the physical extent of the supported 
vessel is less than one complete turn of a helix e.g. less 
than M or less than X A of such a turn. 

In other embodiments of the invention, the stent can 
comprise a first supporting structure adapted to support or 
otherwise contact part of the vessel to be bypassed, with a 
secondary supporting structure attached to and extending 
away from the first supporting structure, but simultaneously 
supporting the arterial or venous graft. The secondary such 
supporting structure may, for example, comprise a plurality 
of elongate members linked or connected in the region of 
their ends remote from the first supporting structure. 

Such elongate members can be fabricated such that 
between them they define a curved section wherein the 
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curvature is non-planar. Such an arrangement is 
particularly suited to an external stent for supporting the 
graft vessel at either or both physical junctions of the 
graft, as in a typical venous or arterial graft sites. 

A practical embodiment of a non-planar internal 
stent is one fabricated from a shape memory alloy, formed to 
adopt an appropriately helical or part -helical form, to 
provide the required support for the graft after insertion. 

In order that the invention may be illustrated, more 
easily understood and readily carried into effect by one 
skilled in this art, reference will now be made to the 
accompanying drawings of preferred embodiments by way of 
non-limiting example only, and in which: 

Figures la to c depict an embodiment of an external 
stent shaped to conform the graft part in non-planar 
curvature at a site of arterial graft, 

Figure 2 shows an alternative embodiment of an 
external stent, 

Figure 3 shows a configuration of artery with a 
graft vessel attached tangentially to the arterial wall, 

Figure 3a is a side view of the Figure 3 
arrangement , 

Figure 4 shows one suitably shaped external stent 
adapted to establish and maintain non-planar curvature in an 
arterial graft part as shown in Figures 3 and 3a, 

Figure 4a is a side view of the Figure 4 supported 
graft site, 

Figure 5 is an alternative embodiment of an internal 
stent based on a clip of e.g. shape memory alloy, 

Figures 6a and 6b show a part -helical internal 

stent, 

Figure 6c shows the stent of Figures 6a/6b 
internally supporting an arterial graft part, 

Figure 7a shows a bypassed artery, an externally 
located stent for the graft and a sensor for transmitting 
flow data, and 

Figure 7b shows a similar arrangement to figure 7a 



WO 98/53764 



- 4 - 



PCT/GB98/01529 



but wherein the sensor is located around the supported graft 
part . 

Referring to figures la to c of the drawings, the 
device shown may be fabricated from a thermosettable 
plastic, in the form of a hollow tube, the walls of which 
contain numerous openings so that the exterior of the graft 
is not fully shielded. 

In particular, figure 1(a) shows the stent before 
thermosetting, whereas figure Kb) and (c) indicate possible 
configurations whereby prior thermosetting has rendered this 
stent to adopt the shape of a partially coiled, non-planar 
curve . 

The stent is then inserted over the graft to ensure 
the geometrical configuration of graft and host vessels, 
e.g. arteries adopt a predetermined form in the locality of 
the graft. 

The stent may be of constant diameter, or tapered, 
as in figure 1(a) to accommodate the common practice of 
enlarging the graft in the vicinity of its junction with the 
host artery. The stent may be fixed to the graft by sutures 
(shown arrowed) or to avoid trauma to the graft, may be 
attached to a clip ring placed about the host vessel. 

The restraining action of the stent may be 
graduated, by mechanically "tapering" the rigidity of the 
material: for example, at either end, material may be 
removed or the rigidity reduced by cuttings. An internally 
locatable stent is also provided which corresponds to the ' 
external stent just described, however such a stent is 
inserted into the interior of the graft vessel part rather 
than being placed exterior to the graft. 
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Referring to figure 2 the non-planarity of the graft 
4 is attained by supporting it with an external stent 1, 2 
which comprises a longitudinal part section 1 of a cylinder, 
fabricated of a suitable porous biocompatible material, 
which may be of straight or curved section, to support that 
part of the artery 5 in the region of the graft, and 
integral with part section 1, or attached securely thereto 
are a plurality of elongate external support members 2, 
which are fabricated to define an internal region 7 of 
appropriate non-planar geometry. 

The ends 6 of the support members 2 may be secured 
in situ by surgical thread (not shown) or by a fastening 
ring 3 . The grafted vessel 4 is located within that 
internal region 7. 

Figures 3 and 3a depict a non-planar configuration 
of graft and artery wherein an arterial graft (artery 5, 
graft 4) having a non-planar curve is surgically attached 
offset to the central portion of the artery 5 in that it is 
at least partly tangential to the artery, see the direction 
of flow arrow in figure 3a. 

The external stent (1,2) of Figure 2 can be modified 
to support and maintain the non-planar curvature of the 
graft in the Figure 3 /3a arrangements, by for example the 
structure as depicted in Figures 4/4a. Figures 4 and 4a 
have reference numerals which correspond with those used in 
figure 2 described above. 

As shown in Figure 5 an internal stent for 
establishing and/or maintaining non-planar curvature of a 
graft (vessel part) comprises a clip 8 which is part coiled 
or at least part helical of shape memory alloy, affixed to a 
cylindrical wire mesh 9. 

Figures 6A and 6B show an alternative embodiment of 
an internal stent, in which the stent 1 is fabricated from a 
linked wire mesh of part helical form. The material used is 
preferably a shape memory alloy to facilitate insertion of 
the stent. Figure 6C shows the stent located in the graft 
post insertion. The graft 4 surgically attached to artery 5 
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has been shown 'transparent' for purposes of illustration, to show the internally located, 
part helical wire mesh stent in-situ. 

Referring to Figures 7A and 7B, either internal or external stents may 
incorporate devices which assist in monitoring the condition of either the graft or the 
host vessel or both. 

In one possible embodiment shown in figure 7A, an external stent 1 
incorporates a sensor portion 10 for monitoring the condition of the host artery. The 
sensor portion is a ring placed over the host artery 5, attached to the tubular stent 1 

placed over the graft. The sensor and stent may be secured together by means of clips ) 

or threads during the operation to insert the graft. The sensor 10 may incorporate one 1 

or several ultrasound probes, or it may comprise a coil for use with magnetic resonance 

imaging. The sensor portion may be electrically connected by leads 11, only partly 

shown, to a remote module or modules (not shown) which incorporate the required 

power supply, signal detection and recording devices for data capture and transmission. 

Some or all of the modules to which the sensor is connected may be implanted within 

the body of the person receiving the graft, and incorporate appropriate means such as 

telemetry for transcutaneous data monitoring. 

In a still further embodiment, shown in figure 7B, an external stent 1 
comprises a fabric or porous structure 12 attached to several outer supporting members 
having the external appearance of linked rings or discs 13. For a portion of the stent, 
these outer members incorporate a sensor device 10a or series of sensors such as 
miniature radiofrequency and/or gradient coils for magnetic resonance imaging, or 
ultrasound transducers. The power supply for the sensors, excitation and data 
monitoring may be as in the figure 7A embodiment. Electrical wires 1 1 connect the 
sensor device 10a to the appropriate remote module or modules (not shown). 

In other embodiments of an internal or external stent, the sensory action of 
the stent may derive from the construction of some or all of the supporting members 
which form the stent. In one such embodiment, the sensory action derives from a coil 
or coils of an electrically conducting material wound around the perimeter of the stent 
or interspersed at intervals along the stent which coil or coils may be excited by 
extracorporeal magnetic and/or electromagnetic fields, and the signal from the stent 
detected by magnetic coupling with an external detecting coil. 
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CLAIMS 

1. A stent for supporting part of a blood vessel which 
stent includes a supporting portion around which or within 
which part of a blood vessel intended for grafting can be 
placed so that the stent internally or externally supports 
that part and the supporting portion of the stent is of a 
shape and/or orientation whereby flow between graft and host 
vessel is caused to follow a non-planar curve. 

2. A stent as claimed in claim 1 wherein the supporting 
portion of the stent is fabricated to incorporate a non- 
planar curved form. 

3 . A stent as claimed in either preceding claim wherein 
the supporting portion is fabricated to incorporate 

a geometric arrangement of the junction between graft and 
host vessel whereby the tangent vector from the centreline 
of the graft does not intersect the centreline of the host 
vessel by consequence of an asymmetric disposition of the 
graft with respect to that host vessel at the junction with 
the graft . 

4. a stent as claimed in any preceding claim which is 
of generally hollow tubular shape with three-dimensional 
curvature . 

5. A stent as claimed in any one of claims 1 to 3 in 
the form of an open lattice generally tubular framework with 
discrete openings at each end thereof. 

6. A stent as claimed in any preceding claim comprising 
a first supporting structure adapted to support or otherwise 
contact part of the vessel to be bypassed, with a secondary 
supporting structure extending away from the first 
supporting structure, but simultaneously capable of 
supporting the graft vessel part, said secondary structure 
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capable of maintaining a graft vessel part when located 
therein in non-planar curvature. 

7. A stent as claimed in claim 6 wherein the secondary 
supporting structure comprises a plurality of elongate 
members linked in the region of their ends remote from the 
first supporting structure. 

8. A stent as claimed in claim S or 7 wherein said 
elongate members define a curved section whose curvature is 
non- planar . 

9. A stent as claimed in any preceding claim fabricated 
from shape memory alloy. 

10. A stent as claimed in any preceding claim which is 
for use in supporting a graft vessel part internally, 
fabricated from a linked mesh or series of linked wire 
members which is coiled or partly coiled or helical or 
partly helical. 

11. A stent as claimed in any preceding claim in 
combination with a device which assists in monitoring the 
condition of the host vessel and/or the graft. 

12. A stent as claimed in claim 11 wherein the device is 
a sensor adapted to transmit a signal responsive to one or 
more internal flow conditions. 

13. A stent as claimed in claim 12 in which the sensor 
is ring-shaped and is electrically connected to a remote 
module incorporating power supply, signal detection and 
recording means . 

14. A stent as claimed in claim 12 or 13 wherein the 
sensor is adapted to transmit signals which can be monitored 
by ultrasound and/or magnetic resonance imaging and/or 
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electron spin resonance imaging techniques. 

15 . A stent as claimed in any one of claims 12 to 14 
wherein the sensor portion forms an integral part of the 
stent and the means of excitation and signal detection are 
entirely extracorporeal. 

16. A stent for supporting part of a blood vessel which 
stent includes a supporting portion around which or within 
which part of a blood vessel intended for grafting can be 
placed so that the stent internally or externally supports 
that part, in combination with at least one sensory device 
adapted to assist monitoring the condition of the graft 
and/or the vessel to be grafted. 

17. a stent as claimed in claim 16 wherein the sensory 
device is adapted to transmit a signal responsive to one or 
more internal flow conditions within the grafted vessel part 
and/or within the vessel to be grafted. 

18. A stent as claimed in claim 16 or 17 wherein the 
sensory device is ring-shaped and is electrically connected 
to a remote module incorporating power supply, signal 
detection and recording means. 

19. A stent as claimed in any one of claims 16 to 18 
wherein the sensory device is adapted to transmit signals 
which can be monitored by ultrasound and/or magnetic 
resonance imaging and/or electron spin resonance techniques. 

20. A stent as claimed in any one of claims 16 to 19 
wherein the sensory device forms an integral part of the 
stent and the means of excitation and signal detection are 
entirely extracorporeal. 
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Fig . 7 A 
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